A study of 45 spatial vectorcardiograms of patients with posterior myocardial infarction revealed a characteristic upward displacement of the early portion of the QRS st-loop. Changes in the later portion of the QRS st-loop may occur as a result of infarction. The possible utilization of such findings in the diagnosis of infarction is discussed.
INTEREST has long been focused upon the relationship between the probable manner of spread of the excitation wave in the human ventricle and the graphic registration of the resulting electric potentials on the body surface.1' 2, 3 The historical development of the concepts of the electrocardiographic changes associated with coronary occlusion and myocardial infarction was reviewed by Wilson and co-workers4 in 1933, and the association of Q, with anterior myocardial infarction and Q3 with posterior infarction, now commonly accepted, was emphasized at that time. Repeated attempts have been made to link the mean instantaneous electric vectors responsible for the early portion of the QRS complex with specific anatomic sites in records from both normal subjects and patients with posterior myocardial infarction." 5, 6, 7, 8 Attention has been directed to the early portion of the QRS complex, perhaps largely because an empiric clinicoelectrocardiographic correlation is more consistently demonstrated in this portion.9' 10 The belief that the abnormal Q may result from a delay in conduction which transfers certain electric activity in the deFrom the Department of Medicine, Tulane University School of Medicine and Charity Hospital of Louisiana at New Orleans, and the Department of Electrical Engineering, Tulane University of Louisiana, New Orleans, La.
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Dr. Horan is a Public Health Service Cardiology Trainee, Department of Medicine, Tulane University School of Medicine, 1954-55. polarization process from its time of normal occurrence in the QRS complex before infarction to a later time in the QRS after infarction5 may have further directed attention away from later phases of the depolarization process for signs of infarction.
This study was undertaken to describe some aspects of the pattern of the spatial vectorcardiogram in 45 patients with posterior myocardial infarction. Since the spatial vectorcardiogram presents the mean spatial instantaneous electric vectors produced by depolarization and repolarization of the heart muscle, it is possible that the spatial vectorcardiogram can assist in better understanding of modifications of the electrical activities which occur with infarction of the ventricular myocardium.
Because the time course of migration of the process of depolarization is such as to activate certain portions of the ventricular musculature early and other portions later, infarction of those areas that are depolarized late would not be expected to produce alterations in the early portion of the trace, but rather in the late phases. For example, it appears that the region of the conus of the right ventricle and the posterobasal and subepicardial regions of the left ventricle usually are activated last. Therefore, the recorded wave of depolarization in this instance would not be expected to be altered in its early portions but rather in the more terminal portions. In the frontal-plane projection, 21 of these loops were inscribed in a clockwise direction, whereas five formed figures-of-eight in which the proximal portions were also inscribed clockwise. In the left sagittal-plane projection, six were inscribed in a clockwise and 12 in a counterclockwise direction, whereas eight formed figures-of-eight.
The magnitude and direction of the maximal QRS vectors in the frontal and the left sagittal planes are shown in figure 2. In two of the records the upward displacement of the early portions of the loop was so pronounced that the maximal vectors were located in the first and second sextants of the triaxial reference system in the frontal plane, even though later portions of these loops resembled those of normal subjects. Thus, in figure 2, two vectors are presented to represent each of these records: the maximal vector, in the early portion of the loop, and the smaller, which corresponded more closely temporally with the other maximal vectors.
In records the "first" vector of the QRS sf1-loop. By connotation, the initial mean instantaneous vector is the first one. Since it was not possible to identify with certainty the first one, the "early," definitely identifiable vectors were studied. Although no specific time in the cycle of the QRS sf1-loop was considered ill these studies, the early vectors most probably occurred during the first 0.04 second of ventricular depolarization. It is also well to note that the truly initial vectors may not be concerned with or influenced by the infarcted areas, a problem yet unsolved.
Characteristic changes in the early portions of the QRS complex and QRS sf-loop as a result of myocardial infarction are well known from studies ill electrocardiography.4' 8, 9, 10 It is likely that changes ill later portions of these complexes also occur, but these have been neglected. This has been attributed, at least partially, to the rather wide variability of the later portions of the QI{S complexes. A In this series, the early portion of the QRS complex and the QRS sf1-loop were altered as compared with the normal in all instances, since this w-as one of the criteria for selection of cases. In some QRS sf1-loops, as far as could be determined, only the early portion had been altered by infarction, whereas other traces presented alterations of later portions of the loop as well, which could be assumed to have been the result of infarction. The frontal plane vectorcardiogram in a patient with posterior myocardial infarction described by, Wilson and Johnston probably belonged to this group.'3 For example, in the instance of the QRS sf1-loop of figure 3, infarction or death of an area of myocardium which normally would have been activated midway in time during ventricular depolarization most probably resulted in loss of the manifested electric vectors of depolarization and, thereby, in distortion of the QRS sfE-loop at that moment. Although this theoretic concept supported by indirect evidence seems obvious, correlations with carefully studied postmortem data are necessary to establish the validity of the concept. It is well to note that the electrocardiogram ( fig. 3) , at least, recorded at standard paper speed 23 mm. per second failed to disclose evidence of distortion of the later phases of the depolarization process. Such changes in the later portions of the QRS sf-loop, most probably due to the location of infarcts, were noted for eight subjects, whereas the conveintionally recorded electrocardiogram failed to reveal the distortions.
In general the change in the QRS sf2-loop which is to be expected in diaphragmatic surface infarction is the appearance of more and larger vectors directed upward. 4' 7, 14, 15, 16, 17, 18 This change is seen in its simplest form in the records described as group A. Here the major alteration appears to be in the initial portion of the QRS sf-loop. Except for that portion directed upward to the frontal projection, these QRS sf-loops might be considered to resemble those of the normal in orientation and general contour. Theoretically, these vectors might also be directed anteriorly or posteriorly, depending on the location of the infarct on the diaphragmatic surface of the heart, and, in contrast to other studies,19 considerable variation in the upward direction of these vectors was observed.
The form and orientation of the QRS sf2-loops of group B can be explained mainly on the basis that infarction of the diaphragmatic surface of the heart produced varying degrees of upward displacement of both afferent and efferent limbs. Upward displacement of the afferent limb, however, may be due to infarction of the posterior and basal regions of the left ventricle which are depolarized late in the electrical systolic cycle (fig. 4) . Left ventricular hypertrophy alone or in association with a posterior basal infarct may have also deviated the terminal portion of the afferent limb superiorly or upward.
It is interesting to note that infarction did not necessarily obscure the vectorcardiographic features of left ventricular hypertrophy. Con- versely, the arc-like appearance of the efferent limb of these QRS stf-loops was not encountered in a series of records from patients with typical vectorcardiographic characteristics of left ventricular hypertrophy without clinical and electrocardiographic evidence in infarction.
Well known theoretic considerations in electrocardiography account for the deviation of the mean instantaneous spatial vectors away from the infareted area ( fig. 1 ). This appeared to be true not only for the early phases of depolarization but for the late ones as well. Apparently, losses of the electric activity of depolarization of a segment of myocardium tended to produce concave distortion in the QRS sf-loop (fig. 4) 
